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METHOD OF ADDING FABRICATION
MONITORS TO INTEGRATED CIRCUIT
CHIPS

FIELD OF THE INVENTION

The present invention relates to the field of integrated

circuit design and fabrication; more specifically, it relates to
method for adding defect monitor devices to integrated

circuit chips.

BACKGROUND OF THE INVENTION

In order to fabricate advanced integrated circuits cost-
ellectively, manufacturing defect densities need to be driven
as low as possible and device and process controls need to
be adjusted to drive device and circuit parametrics and
performances to within specified ranges. One method of
doing so 1s to place defect and performance monitor struc-
tures, as well as test circuits in the scribe line. A scribe line
1s an area between integrated circuits fabricated 1n arrays on
walers where dicing will occur. The scribe line contains no
circuit elements required for the normal functioning of the
integrated circuit. Scribe lines are also known as streets or
kerfs. Scribe lines are where the cuts to separate a waler
(which contains many chips) into individual chips are made.
However, not only do the monitor structures that are most
desirable consume large areas of the scribe line, but addi-
tionally the area of the scribe line 1s limited and continues to
shrink as productivity demands increase, with the result
being that all desirable monitors will not fit in the available
scribe line area.

Therelfore, there 1s a continuing need for placing more
monitor structures on integrated circuits than 1s currently
possible.

SUMMARY OF THE INVENTION

The present mmvention uses the regions of individual
photomask levels of integrated circuits normally containing,
damascene fill shapes for placement of damascene monitor
or the damascene portions of monitor structures by either
utilizing the damascene fill shapes to form monitor struc-
tures, by placing monitors in areas designated for fill shapes
or by replacing damascene {ill shapes with monitor struc-
tures. Monitor structures may include structures other than
damascene structures, 1.e. transistors to which damascene
monitor structures are connected.

A first aspect of the present invention 1s a method of
designing an integrated circuit, comprising: (a) generating a
photomask level design of an integrated circuit design of the
integrated circuit, the photomask level design comprising a
multiplicity of integrated circuit element shapes; (b) desig-
nating regions of the photomask level design between adja-
cent 1integrated circuit element shapes, the designated
regions large enough to require placement of fill shapes
between the adjacent integrated circuit elements based on ill
shape rules, the fill shapes not required for the operation of
the 1ntegrated circuit; and (c¢) placing one or more monitor
structure shapes of a monitor structure 1n at least one of the
designated regions, the monitor structure not required for the
operation of the mtegrated circuat.

A second aspect of the present mnvention 1s a method of
fabricating an integrated circuit, comprising: (a) generating
a photomask level design of an integrated circuit design of
the integrated circuit, the photomask level design compris-
ing a multiplicity of integrated circuit element shapes; (b)

10

15

20

25

30

35

40

45

50

55

60

65

2

designating regions of the photomask level design between
adjacent integrated circuit element shapes, the designated
regions large enough to require placement of fill shapes
between the adjacent integrated circuit elements based on {ill
shape rules, the fill shapes not required for the operation of
the integrated circuit; (¢) placing one or more monitor
structure shapes of a monitor structure 1n at least one of the
designated regions, the monitor structure not required for the
operation of the mtegrated circuit; (d) placing fill shapes 1n
the designated regions of the photomask design level, the fill
shapes not connected to the multiplicity of integrated circuit
clement shapes or to the one or more monitor structure
shapes; (¢) generating a mask data set from the photomask
level design; and (1) using the mask data set to form a pattern
on a waler in order to fabricate a physical level of the
integrated circuit.

A third aspect of the present mmvention 1s an integrated
circuit chip, comprising: a dielectric layer on a substrate, the
dielectric layer having a circuit region containing integrated
circuits required for operation of the integrated circuit chip
and a surrounding scribe line region not containing inte-
grated circuits required for operation of the integrated circuit
chip; a multiplicity of wires of an integrated circuit, the
wires formed 1n the circuit region of the dielectric layer; and
a monitor structure and a multiplicity of fill shapes 1n regions
of the dielectric layer between the wires, the monitor struc-
ture and the fill shapes not required for the operation of the
integrated circuit, the monitor structure not connected to the
wires, the fill shapes not connected to the wires and the
monitor structure not connected to the fill shapes.

A fourth aspect of the present invention 1s a computer
system comprising a processor, an address/data bus coupled
to the processor, and a computer-readable memory umt
coupled to commumicate with the processor, the memory
unit containing instructions that when executed implement a
method for designing an integrated circuit the method com-
prising the computer implemented steps of: (a) generating a
photomask level design of an mtegrated circuit design of the
integrated circuit, the photomask level design comprising a
multiplicity of integrated circuit element shapes; (b) desig-
nating regions of the photomask level design between adja-
cent ntegrated circuit element shapes, the designated
regions large enough to require placement of fill shapes
between the adjacent integrated circuit elements based on fill
shape rules, the fill shapes not required for the operation of
the integrated circuit; and (c¢) placing one or more monitor
structure shapes ol a monitor structure 1n at least one of the
designated regions, the monitor structure not required for the
operation of the integrated circuit.

BRIEF DESCRIPTION OF DRAWINGS

The features of the invention are set forth 1n the appended
claims. The invention itself, however, will be best under-
stood by reference to the following detailed description of an
illustrative embodiment when read in conjunction with the
accompanying drawings, wherein:

FIG. 1A 1s a top view and FIG. 1B 1s a cross-sectional
view through line 1B-1B of FIG. 1A of a portion of an
integrated circuit chip having fill shapes that may be
mamipulated according to the present invention;

FIG. 2A 15 a top view and FIG. 2B 1s a cross-sectional
view through line 2B-2B of FIG. 2A of a portion of an
integrated circuit chip having fill shapes illustrating a first
implementation example of the present invention;

FIG. 3A 1s a top view and FIG. 3B 1s a cross-sectional

view through line 3B-3B of FIG. 3A of a portion of an
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integrated circuit chip having fill shapes illustrating a second
implementation example of the present invention;

FIG. 4A 1s a top view and FIG. 4B 1s a cross-sectional
view through line 4B-4B of FIG. 4A of a portion of an
integrated circuit chip having fill shapes illustrating a third 5
implementation example of the present invention;

FIG. 5A 1s a top view and FIG. 3B 1s a cross-sectional
view through line 5B-5B of FIG. 5A of a portion of an
integrated circuit chup having fill shapes illustrating a fourth
implementation example of the present invention; 10

FIG. 6A 1s a top view and FIG. 6B 1s a cross-sectional
view through line 6B-6B of FIG. 6A of a portion of an
integrated circuit chip having fill shapes illustrating a fifth
implementation example of the present invention;

FIG. 7A 1s a top view and FIG. 7B 1s a cross-sectional 15
view through line 7B-7B of FIG. 7A of a portion of an
integrated circuit chip having {fill shapes 1llustrating a sixth
implementation example of the present invention;

FIG. 8A 1s a top view and FIG. 8B 1s a cross-sectional
view through line 8B-8B of FIG. 8A of a portion of an 20
integrated circuit chip having fill shapes illustrating a sev-
enth 1mplementation example of the present invention;

FIG. 9A 1s a top view and FIG. 9B 1s a cross-sectional
view through line 9B-9B of FIG. 9A of a portion of an
integrated circuit chip having fill shapes illustrating an 25
eighth second implementation example of the present inven-
tion;

FIG. 10 1s a flowchart of a first embodiment of the present
invention;

FIG. 11 1s a tflowchart of a second embodiment of the 30
present mvention; and

FI1G. 12 1s a schematic block diagram of a general-purpose
computer for practicing the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

35

Fabrication of integrated circuit chips often requires one
or more chemical-mechanical-polish (CMP) processes. A
CMP process subjects a surface of a waler on which 40
integrated circuits are being fabricated to a combination of
mechanical abrasion and chemical dissolution to remove
materials from the surface of the water and generate a planar
surface. Two examples of processes that use a CMP process
will be given. 45

A first example of a fabrication step that uses CMP 1s the
formation of damascene wires. To form damascene wires, a
dielectric layer 1s deposited on the surface of the walfer,
trenches having the pattern of the wires are etched into the
dielectric layer, a blanket deposition of conductor 1s depos- 50
ited (for example, a metal) to overfill the trenches, and then
the CMP 1s performed to remove excess conductor from the
surface between the trenches and to cause the surface of the
dielectric layer to be co-planar with the surface of the
conductor. In a first example, the pattern 1s created by 55
exposing a layer of photoresist formed on the dielectric layer
to light through a photomask having a physical positive or
negative image of the trench pattern, developing the photo-
resist image and etching the direct through opening in the
photoresist layer. The photomask 1n turn was fabricated from 60
a photomask level design dataset containing mathematical
representations (shapes) of the pattern on the photomask. In
a second example, the photomask level design dataset may
be used to directly form the pattern in the photoresist layer.
This second example 1s called direct write. 65

A second example of a fabrication step that uses CMP 1s
the formation of planar dielectric layers in which wires and

4

other structures have been formed by a subtractive etch
process, hereinatter subtractive wires and subtractive struc-
tures. In one method, form a subtractive wire, a blanket layer
of a conductor (for example aluminum or aluminum alloy)
1s formed on a dielectric layer, a photoresist layer 1s formed
on the conductor layer, the photoresist layer 1s patterned into
wire shapes by a photolithographic process, conductor layer
not protected the photoresist pattern 1s etched away (“sub-
tracted”) and the patterned photoresist layer removed. Next
a second blanket dielectric layer 1s formed of a thickness
greater than the thickness of the original metal layer which
fills 1n the spaces between the wires and covers the wires.
Finally a CMP process 1s performed to remove the dielectric
layer from over the wires and make the top surfaces of the
remaining dielectric layer and wires coplanar. The process
may be repeated to for alternating layers of wires and vias
connecting wire 1s different dielectric layers.

However, with either a damascene or subtractive process
the uniformity of material (dielectric and/or metal) removal
1s a function (among other factors) of the ratio of conductor
area (in the trenches or width of subtractive wires) to
dielectric area (between the trenches or between subtractive
wires). Often large areas of the waler surface are empty of
wires (1n one example, between about 10% and about 70%
of each chip area contains no wires) and often the ratio of
conductor area to dielectric area varies greatly 1n different
arcas ol a given fabrication level of the integrated circuit
chip. To make the ratio of conductor area to dielectric area
more uniform across an integrated circuit chip fabrication
level and thus increase the uniformity of the CMP process,
damascene or subtractive fill shapes are introduced into the
spaces between conductors according to complex {ill shape
rules, some of which are discussed inira.

The present mnvention will be described using damascene
structures (wires, vias, {ill shapes and monitor structures as
described inira) but 1t should be understood that the present
invention 1s applicable to subtractive structures (wires, vias,
fill shapes and monitor structures) as well. Further, the
present invention 1s applicable to structures wherein the
wires are formed by methods other than damascene and
subtractive processes but that require a CMP step of a
dielectric layer in contact with the wires as part of the
structures fabrication process.

For the purposes of the present mnvention, the term dama-
scene shape will be used to refer to a physical entity of an
integrated circuit chip, while the term shape will be used to
refer to a mask 1mage or mathematical representation of a
mask 1mage 1n a photomask dataset.

For the purposes of the present invention, the following
properties ol damascene fill shapes apply. Damascene f{ill
shapes are formed identically and simultaneously with
damascene integrated circuit element shapes 1n specially laid
out and 1solated trenches (or holes) etched 1nto a supporting
layer. Damascene fill shapes are formed from the same
material as the damascene integrated circuit element shapes.
Damascene fill shapes are not connected to each other or to
damascene 1ntegrated circuit element shapes (1.e. damascene
wires or vias) in their own {fabrication level or to other
damascene {ill shapes and damascene integrated circuit
clement shapes 1n any other fabrication level. Damascene
integrated circuit element shapes are required for the func-
tioning of the integrated circuit(s) of the integrated circuit
chip, damascene fill shapes are not part of the integrated
circuit(s) of the integrated circuit chip. A common use of
damascene fill shapes i1s in the wiring levels of integrated
circuits where the damascene integrated circuit element
shapes are wires, wire segments and vias between wires and
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wire segments in immediately adjacent wiring levels and the
supporting layer 1s a dielectric layer.

FIG. 1A 1s a top view and FIG. 1B 1s a cross-sectional
view through line 1B-1B of FIG. 1A of a portion of an
integrated circuit chip having damascene fill shapes that may
be manmipulated according to the present invention. In FIGS.
1A and 1B, a semiconductor substrate 100 (see FIG. 1B) has
a first dielectric layer 105 formed on a top surface of the
substrate and a second dielectric layer 115 formed on a top
surface 120 of the first dielectric layer. Damascene wires
125A, 12358 and 125C are formed 1n second dielectric layer
115. Top surfaces 130A, 130B and 130C of respective
damascene wires 125A, 1258 and 125C are coplanar with
one another and a top surface 1335 of second dielectric layer
115. A damascene via 140 connects wire 125B to a dama-
scene wire 145 formed in first dielectric layer 105. A
multiplicity of damascened damascene {ill shapes 150 are
formed 1n second dielectric layer 115 between damascene
wire 125A and damascene wire 125B. Top surfaces 155 of
damascene {ill shapes 150 are coplanar with top surface 135
of second dielectric layer 115. The width W1, length L1 and
space S1 between adjacent damascene fill shapes 150 are
determined by {ill shape rules for the mask level associated
with second dielectric layer 115. The minimum space S2 and
maximum space S3 between a damascene fill shape and a
damascene wire 1s also included in the fill shape rules.
Length L1, width W1 and spaces S1, S2 and S3 are chosen
to be easily printable during the photolithographic steps used
in the fabrication of damascene fill shapes 150 and are larger
than a minimum ground rule (i.e. minimum i1mage size
printable by the photolithographic step plus any etch bias
associated with the trench formation step). The value of the
mimmum ground rule for line spacing may be different than
the value of the minimum ground rule for line widths

Substrate 100 may contain active devices, such field effect
transistor (FETs) and diodes, and may contain passive
devices such as resistors and capacitors that are wired into
circuits using wires, such as wires 125A, 1258, 125C and
145, and vias 140 in first and second dielectric layers 105
and 115 as well as contacts (not shown) connecting devices
(not shown) in the substrate and wires (such as damascene
wire 145) 1n first dielectric layer 105.

In FIG. 1B, damascene wire 145 was defined 1n extent and
location by a first photomask level design dataset containing
mathematical representations of wire shapes used to gener-
ate a first photomask. Damascene via 140 was defined by a
second photomask level design dataset containing math-
ematical representations ol via shapes used to generate a
second photomask. Damascene wires 125A, 1258, 125C
and damascene fill shapes 150 were defined by a third
photomask level design dataset containing mathematical
representations of wire shapes and {ill shapes used to gen-
erate a third photomask.

FIG. 2A 15 a top view and FIG. 2B 1s a cross-sectional
view through line 2B-2B of FIG. 2A of a portion of an
integrated circuit chip having damascene fill shapes 1llus-
trating a first implementation example of the present inven-
tion. In FIGS. 2A and 2B, an electrically probeable opens
monitor 160 replaces a subset of damascene fill shapes 150
of FIGS. 1A and 1B. In the example of FIGS. 2A and 2B,
opens monitor 160 comprises damascene 1ill shaped regions
150A 1integrally connected in series by damascene wires
165. Filled shaped damascene regions 150A are not dama-
scene 111l shapes but have an 1dentical or similar geometry to
that of damascene {ill shapes. In one example, damascene fill
shape regions 150A are placed in the same locations and
have the same dimensions as the damascene {fill shapes that
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they replace and damascene wires 165 have a width W2. In
a first example, W2 1s less than W1 but equal to or greater
than the minimum ground rule value. In a second example,
W2 1s less than W1 and less than the minimum ground rule
value. (There are many methods known in the art to generate
sub-minimum 1mages.) Thus, opens monitor 160 has about
the same damascene shapes density as areas containing only
damascene fill shapes, especially when damascene wires
165 are fabricated to minmimum ground rules.

FIG. 3A 15 a top view and FIG. 3B 1s a cross-sectional
view through line 3B-3B of FIG. 3A of a portion of an
integrated circuit chip having damascene fill shapes 1llus-
trating a second implementation example of the present
invention. In FIGS. 3A and 3B, an clectrically probeable
shorts momtor 170 replaces a subset of damascene fill
shapes 150 of FIGS. 1A and 1B. In the example of FIGS. 3A
and 3B, shorts monitor 170 comprises damascene fill shaped
regions 150B comprising two half regions 150C and 150D
separated by a space 175A. Space 175A has a width S4. Halt
regions 150C are integrally connected 1n series by wires
180A and half regions 150D are integrally connected in
series by damascene wires 180B. Damascene wires 180A
and 180B are separated by a space 175B having a width S5.
In one example, damascene fill shaped regions 150B are
placed 1n the same locations and have the same dimensions
as the damascene fill shapes that they replace and damascene
wires 180A and 180B have the width W2. In a first example,
S4, S5 or both S4 and S5 are equal to or greater than the
minimum ground rule value. In a second example, S4 or S5
or both S4 and S5 are less than the minimum ground rule
value. In either the first or second examples, S4 may equal
S5. Thus, shorts monitor 170 has about the same shapes
density as areas containing only damascene fill shapes,
especially when spaces 175A and 175B and damascene
wires 180A and 180B are fabricated to minimum ground
rules.

FIG. 4A 15 a top view and FIG. 4B 1s a cross-sectional
view through line 4B-4B of FIG. 4A of a portion of an
integrated circuit chip having damascene fill shapes 1llus-
trating a third implementation example of the present inven-
tion. In FIGS. 4A and 4B, a voltage contrast shorts monitor
185 replaces a subset of damascene 111l shapes 150 of FIGS.
1A and 1B. Shorts monitor 185 includes a damascene central
pad 190 which may be grounded by a probe and a multi-
plicity of surrounding damascene outer pads 150EF spaced a
distance S6 from damascene central pad 190. In one
example, damascene outer pads 150E are placed in the same
locations and have the same dimensions as the damascene
{111 shapes that they replace. In a first example, S6 1s equal
to or greater than the minmimum ground rule value. In a
second example, S6 i1s less than the mimimum ground rule
value. In actually generating a photomask data set according
to the present invention, fill shapes are removed and may be
replaced with some monitor shapes that are identical to and
identically located relative to the fill shapes they replace.

Voltage contrast measurements are described in detail 1n
U.S. Pat. No. 5,159,752 to Mahant-Shett1 et al., which 1s
hereby 1ncorporated by reference in its entirety.

FIG. 5A 15 a top view and FIG. 5B 1s a cross-sectional
view through line 5B-5B of FIG. 5A of a portion of an
integrated circuit chip having damascene fill shapes 1llus-
trating a fourth implementation example of the present
invention. In FIGS. 5A and 5B, a voltage contrast opens
monitor 195 replaces a subset of damascene fill shapes 150
of FIGS. 1A and 1B. Opens monitor 195 includes a dama-
scene central pad 200 which may be grounded by a probe
and a multiplicity of surrounding damascene outer pads
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150E connected to damascene central pad 200 by damascene
wires 205. In one example, damascene outer pads 150E are
placed 1n the same locations and have the same dimensions

as the damascene fill shapes that they replace. Damascene
wires 205 have the width W2.

FIG. 6A 1s a top view and FIG. 6B 1s a cross-sectional
view through line 6B-6B of FIG. 6A of a portion of an
integrated circuit chip having damascene fill shapes 1llus-
trating a {ifth implementation example of the present inven-
tion. In FIGS. 6A and 6B, an clectrically probeable opens
and shorts monitor 210 replaces a subset of damascene fill
shapes 150 of FIGS. 1A and 1B. Opens and shorts monitor
210 1ncludes a first damascene serpentine wire 215 and a
second damascene serpentine wire 215 spaced a distance S7
apart. Opposite ends of damascene serpentine wire 215 are
connected to different damascene fill shapes 150 to allow
probing and opposite ends of damascene serpentine wire 215
are connected to diflerent damascene fill shapes 150 to allow
probing. In a first example, S7 1s equal to or greater than the
mimmum ground rule value. In a second example, S7 1s less
than the minimum ground rule value. FIGS. 6 A and 6B,
1llustrate that the monitor structure need not always approxi-
mate damascene fill shape geometries or be fabricated to fill
shape rules.

Up to this point, only monitor structures requiring one
level have been considered. We will now turn to monitor
structures that require two or more levels.

FIG. 7A 1s a top view and FIG. 7B 1s a cross-sectional
view through line 7B-7B of FIG. 7A of a portion of an
integrated circuit chip having damascene fill shapes 1llus-
trating a sixth implementation example of the present inven-
tion. In FIGS. 7A and 7B, an electrically probeable via chain
monitor 225 replaces a subset of damascene fill shapes 150
of FIGS. 1A and 1B. A via chain monitor, allows analysis of
the contact resistance between the via and the wires the via
connects. In the example of FIGS. 7A and 7B, via chain
monitor 225 comprises damascene {ill shaped regions 150F
cach having a damascene via 230 and integrally connected
in series by alternating first damascene wires 235 1n dielec-
tric layer 215 and second damascene wires 240 1n first
dielectric layer 105. In one example, damascene fill shape
portions 150F are placed in the same locations and have the
same dimensions as the damascene fill shapes that they
replace and damascene wires 2335 have the width W2. Thus,
via chain monitor 223 has about the same shapes density as
arcas containing only damascene fill shapes, especially
when damascene wires 2335 are fabricated to minimum
ground rules.

FIG. 8A 1s a top view and FIG. 8B 1s a cross-sectional
view through line 8B-8B of FIG. 8A of a portion of an
integrated circuit chip having damascene fill shapes 1llus-
trating a seventh implementation example of the present
invention. In FIGS. 8A and 8B, a voltage contrast shorts

monitor 245 replaces a subset of damascene fill shapes 150
of FIGS. 1A and 1B. Shorts monitor 245 1s similar to shorts

monitor 185 illustrated 1n FIGS. 4A and 4B and described
supra, except for the provision to ground damascene central

pad 190 to substrate 100 through damascene via 250,
damascene pad 255, damascene stud 260 and diffusion

contact 265. Opens monitor 195 illustrated 1n FIGS. 5A and
5B and described supra, may be similarly grounded.

The monitor structures presented supra, have all been
defect momnitors. It 1s also possible to insert parametric

monitors and performance monitors mto space otherwise
filled with fill shapes as illustrated in FIGS. 9A and B and
described 1infra.
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FIG. 9A 1s a top view and FIG. 9B 1s a cross-sectional
view through line 9B-9B of FIG. 9A of a portion of an
integrated circuit chip having fill shapes illustrating an
eighth second implementation example of the present inven-
tion. Complex monitor structures, mncluding but not limited
to resistance monitors, capacitance monitors, mnductance
monitors, gate oxide monitors, ring oscillator frequency
monitors, FET current leakage monitors, FET switching
speed monitors and more generally, monitors requiring
active and passive devices wired into circuits may be
implemented according to the present invention by utilizing
regions of fill shapes located over regions of unused gate

arrays. In FIGS. 9A and 9B, a gate array comprising NFETSs
270A and PFETS 270B 1s formed 1n substrate 100 and first

dielectric layer 105. Each NFET 270A includes a channel
275 A and source/rains 280A all formed 1n substrate 100 and
a gate electrode 290A over a gate dielectric (not shown)
formed 1n first dielectric layer 105. Each PFET 270B
includes a channel 275B and source/drains 280B all formed
in a well 285 formed in substrate 100 and a gate electrode
290B over a gate dielectric (not shown) formed in {first
dielectric layer 105. The NFET and PFET regions are
isolated by dielectric 1solation 295. Circuit wiring (dama-
scene wires, damascene vias, damascene contacts) 1s formed
in first dielectric layer 105 and 1n second dielectric layer 115.
The circuit wiring formed 1n second dielectric layer 115
replaces a subset of damascene {fill shapes 150 of FIGS. 1A
and 1B.

FIG. 10 1s a flowchart of a first embodiment of the present
invention. In step 300. a physical layout file, called a shapes
file 1s created, usually from a netlist. Shapes files are
generated from netlist files which are a schematic represen-
tation of the circuits of the integrated circuits. Shapes files
are a representation ol the geometric shapes required to
tabricate each of the photomasks required to fabricate all the
levels of the integrated circuit and contain integrated circuit
clement shapes.

In step 305, open areas of the first or current photomask
level, are analyzed and fill shapes selected and placed 1n the
open areas based between integrated circuit element shapes
based on fill shape selection and placement rules 1n a fill
shapes and rules file 310. Examples of fill shape rules
include, but are not limited to: the geometry and dimensions
of the fill shapes, the mmimum and maximum distances fill
shapes can be placed from integrated circuit shapes, the
distances between {ill shapes and the template pattern used
to place the fill shapes. For monitor structures requiring
more than one photomask level, a look-ahead may be
performed to see 1f the required area 1n the proper position
in the additional photomask levels exists as well.

In step 315, a monitor structure 1s selected from a monitor
shapes file 320 based what type of monitor 1t 1s desired to
add to the integrated circuit chip design. In step 325, 1t 1s
determined 1f there 1s an area of fill shapes large enough to
accommodate the selected monitor structure. If there 1s an
area of {1ll shapes large enough to accommodate the selected
monitor structure the method proceeds to step 330. If there
are no areas large enough, the method will proceed to step
332. In step 332 1t 1s determined 1f the monitor structure can
scaled to a smaller size. If 1t can, the method loops back to
step 3235 otherwise the method goes to step 340.

In step 330, suflicient fill shapes are removed to accom-
modate the monitor shapes and in step 3335, the monitor
shapes are added. Next, in step 340, it 1s determined 1t
additional monitors are to be placed in the current photo-
mask level. If additional monitors are to be placed, the
method loops back to step 315, otherwise the method
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proceeds to step 345. In step 345 it 1s determined 1if any
monitors are to be placed 1n the next photomask level.
Additionally, 1t 1s determined 1f any of the monitor structures
placed 1n the current photomask level require placement of
additional momitor structures in another photomask level to
complete the monitor structure (1.e. multi-level monitor
structures such as illustrated in FIGS. 8A, 8B, 9A and 9B
and described supra). This can be done by attaching flags to
multi-level monitor shapes. If additional monitor shapes are
to be placed the method loops back to step 305, otherwise
the method proceeds to step 350.

In step 350 additional processing of the shapes file to
generate a mask data set, (for example a GL1 (graphics
language 1) deck), to drive mask fabrication equipment or to
drive direct waler write equipment 1s performed. In direct
write, the pattern 1s transierred directly to a photoresist or
other layer on the wafer without the use of a photomask by
a tool that reads the mask data set directly. A direct write
E-beam tool 1s an example of such a tool. Steps 300 through
350 are usually performed with a general purpose computer.
Then 1n step 355 masks are fabricated and 1n step 360 the
integrated circuit 1s fabricated. Step 355 1s eliminated 1n
direct write fabrication processes.

FIG. 11 1s a flowchart of a second embodiment of the
present mvention. Step 300 has been described supra in
reference to FIG. 10. In step 370, areas between integrated
circuit element shapes of the first or current photomask
level, are analyzed. In step 373, the monitors to be nserted
into the integrated circuit design are selected and blocks of
open area are designated for placement of the shapes for
cach monitor structure based on the area requirement of each
monitors’ shape files listed 1n monitor shapes file 320. For
monitor structures requiring more than one photomask level,
a look-ahead may be performed to see 11 the required area 1n
the proper position 1n the additional photomask levels exists
as well. In step 380, the selected monitor fill shapes are
placed 1n the blocks of area assigned to monitors. In step
385, fill shapes are placed based on the {fill shape rules from
f1ll shapes and rules file 310.

Next, 1n step 395, it 1s determined 11 any monitors are to
be placed 1n the next photomask level. Additionally, 1t 1s
determined 1f any of the monitor structures placed in the
current photomask level require placement of additional
monitor structures 1n another photomask level to complete
the monitor structure (1.e. multi-level monitor structures
such as illustrated 1n FIGS. 8A, 8B, 9A and 9B and described
supra). This can be done by attaching tlags to multi-level
monitor shapes. IT additional monitor shapes are to be placed
the method loops back to step 370, otherwise the method
proceeds to step 350. Steps 350, 355 and 360 have been
described supra in reference to FIG. 10.

FI1G. 12 1s a schematic block diagram of a general-purpose
computer for practicing the present invention. Generally, the
method described herein with respect to adding fabrication
monitors to an itegrated circuit chip design i1s practiced
with a general-purpose computer and the method may be
coded as a set of instructions on removable or hard media for
use by the general-purpose computer. FIG. 12 1s a schematic
block diagram of a general-purpose computer for practicing
the present invention. In FIG. 12, computer system 400 has
at least one microprocessor or central processing unit (CPU)
405. CPU 405 1s mterconnected via a system bus 410 to a
random access memory (RAM) 415, a read-only memory
(ROM) 420, an mput/output (I/0) adapter 4235 for a con-
necting a removable data and/or program storage device 430
and a mass data and/or program storage device 435, a user
interface adapter 440 for connecting a keyboard 4435 and a
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mouse 450, a port adapter 455 for connecting a data port 460
and a display adapter 465 for connecting a display device
470.

ROM 420 contains the basic operating system for com-
puter system 400. The operating system may alternatively
reside 1n RAM 415 or elsewhere as 1s known 1n the art.
Examples of removable data and/or program storage device
430 1nclude magnetic media such as tloppy drives and tape
drives and optical media such as CDD ROM drives. Examples
of mass data and/or program storage device 435 include hard
disk drives and non-volatile memory such as flash memory.
In addition to keyboard 4435 and mouse 450, other user input
devices such as trackballs, writing tablets, pressure pads,
microphones, light pens and position-sensing screen dis-
plays may be connected to user interface 440. Examples of
display devices include cathode-ray tubes (CRT) and liquid
crystal displays (LCD).

A computer program with an appropriate application
interface may be created by one of skill 1n the art and stored
on the system or a data and/or program storage device to
simplity the practicing of this invention. In operation, infor-
mation for or the computer program created to run the
present invention 1s loaded on the appropriate removable
data and/or program storage device 430, fed through data
port 460 or typed in using keyboard 445.

Thus, the present ivention allows for placing more
monitor structures on integrated circuits than i1s currently
possible using only scribe line area.

The description of the embodiments of the present inven-
tion 1s given above for the understanding of the present
invention. It will be understood that the invention 1s not
limited to the particular embodiments described herein, but
1s capable of various modifications, rearrangements and
substitutions as will now become apparent to those skilled 1n
the art without departing from the scope of the invention.
Theretore, it 1s intended that the following claims cover all
such modifications and changes as fall within the true spirit
and scope of the mnvention.

What 1s claimed 1s:
1. A method of designing an integrated circuit, compris-
ng:
(a) generating a photomask level design of an integrated
circuit design of said itegrated circuit, said photomask

level design comprising a multiplicity of integrated
circuit element shapes;

(b) designating regions of said photomask level design
between adjacent integrated circuit element shapes,
said designated regions large enough to require place-
ment of fill shapes between said adjacent integrated
circuit elements based on {fill shape rules, said fill
shapes not required for the operation of said integrated
circuit; and

(¢) placing one or more monitor structure shapes of a
monitor structure in at least one of said designated
regions, said monitor structure not required for the
operation of said integrated circuit.

2. The method of claim 1, further including:

(d) placing fill shapes 1n said designated regions, said fill
shapes not connected to said multiplicity of integrated
circuit element shapes or to said one or more monitor
structure shapes.

3. The method of claim 1, further including:

prior to step (¢), (d) determining 1f any designated area 1s
of suthicient size to accommodate said one or more

monitor structure shapes.
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4. The method of claim 1, further including:
between steps (b) and (c¢):
placing fill shapes 1n said designated regions, said {ill
shapes not connected to said multiplicity of 1inte-
grated circuit element shapes; and

removing a selected number of said fill shapes from at
least one of designated regions to provide one or
more monitor shape regions within said at least one
said designated regions; and

wherein step (¢) places said one or more monitor structure
shapes 1n said monitor shape regions.

5. The method of claim 1, wherein step (¢) 1s performed
between steps (a) and (b) and said method further mcludes
after step (b), (d) placing fill shapes in said designated
regions, said fill shapes not connected to said multiplicity of
integrated circuit element shapes or to said one or more
monitor structure shapes.

6. The method of claim 1, wherein a portion of one of said
one or more monitor structure shapes has a same shape as a
shape of one of said fill shapes that would otherwise occupy
the same place as said portions of at least one of said one or
more monitor structure shapes.

7. The method of claim 1, wherein a selected area
including said one or more monitor structure shapes has a
ratio of monitor structure shape to empty space about equal
to a ratio of fill shapes to empty space had fill shapes been
placed 1n said selected area based on said fill shapes instead
of said monitor structure shapes.

8. The method of claim 1, wherein said monitor structure
1s a monitor or portion of said monitor for monitoring:
process induced defects during fabrication of said integrated
circuit; electrical properties of said integrated circuit or
clements of said integrated circuit during or after fabrication
of said integrated circuit; or performance criteria of said
integrated circuit or elements of said integrated circuit
during or after fabrication of said integrated circuat.

9. The method of claim 8, wherein said process induced
defects include open defects and short defects, said electrical
properties include resistance, capacitance and inductance
and wherein said performance criteria include signal propa-
gation frequency and transistor switching speed.

10. A computer system comprising a processor, an
address/data bus coupled to said processor, and a computer-
readable memory unit coupled to communicate with said
processor, saild memory unit containing instructions that
when executed implement a method for designing an inte-
grated circuit said method comprising the computer 1imple-
mented steps of:

(a) generating a photomask level design of an integrated
circuit design of said integrated circuit, said photomask
level design comprising a multiplicity of integrated
circuit element shapes;

(b) designating regions of said photomask level design
between adjacent integrated circuit element shapes,
said designated regions large enough to require place-
ment of fill shapes between said adjacent integrated
circuit elements based on fill shape rules, said fill
shapes not required for the operation of said integrated
circuit; and

(c) placing one or more monitor structure shapes of a
monitor structure i1n at least one of said designated

5

10

15

20

25

30

35

40

45

50

55

60

12

regions, said monitor structure not required for the
operation of said integrated circuit.

11. The computer system of claim 10, said method steps
turther including:

(d) placing fill shapes in said designated regions, said fill
shapes not connected to said multiplicity of integrated
circuit element shapes or to said one or more monitor
structure shapes.

12. The computer system of claim 10, said method steps
turther including:

prior to step (c), (d) determining it any designated area 1s
of sufficient size to accommodate said one or more
monitor structure shapes.

13. The computer system of claim 10, said method steps
turther including:

between steps (b) and (c):
placing fill shapes 1n said designated regions, said fill

shapes not connected to said multiplicity of inte-
grated circuit element shapes; and

removing a selected number of said fill shapes from
said at least one of said designated regions to provide
one or more monitor shape regions within at least
one of said designated regions; and

wherein step (¢) places said one or more monitor structure
shapes 1n said monitor shape regions.

14. The computer system of claim 10, wherein the method
step (¢) 1s performed between method steps (a) and (b) and
the method further imncludes after method step (b), method
step (d) placing fill shapes in said designated regions, said
{111 shapes not connected to said multiplicity of integrated
circuit element shapes or to said one or more monitor
structure shapes.

15. The computer system of claim 10, wherein a portion
of one of said one or more monitor structure shapes has a
same shape as a shape of one of said fill shapes that would
otherwise occupy the same place as said portions of at least
one of said one or more monitor structure shapes.

16. The computer system of claim 10, wherein a selected
area including said one or more monitor structure shapes has
a ratio of monitor structure shape to empty space about equal
to a ratio of fill shapes to empty space had fill shapes been
placed 1n said selected area based on said fill shapes 1nstead
of said monitor structure shapes.

17. The computer system of claim 10, wherein said
monitor structure 1s a monitor or portion of said monitor for
monitoring: process induced defects during fabrication of
said integrated circuit; electrical properties of said integrated
circuit or elements of said integrated circuit during or after
tabrication of said integrated circuit; or performance criteria
of said integrated circuit or elements of said integrated
circuit during or after fabrication of said integrated circuat.

18. The computer system of claaim 17, wherein said
process 1nduced defects include open defects and short
defects, said electrical properties include resistance, capaci-
tance and inductance and wherein said performance criteria
include signal propagation frequency and transistor switch-
ing speed.
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